Abstract: A fiber-optic communications course requires a deep understanding of the physical processes of the components and systems. Unfortunately, many students in engineering technology programs lack the scientific background for such a course. Another challenge is that these students need to be trained as maintenance and control personnel. To resolve these problems, we focus our teaching on the use of corporate technical documentation. 
responsibilities lie mostly in maintenance and control; however, the tendency is to involve them in design, development, and research. Thus, their academic training has to provide them with a deep knowledge of technology coupled with a sound general education. This knowledge entails a complete understanding of corporate technical documentation, particularly, company specifications sheets. Thus, again, engineering-technology education must rely heavily on exposing students to industry practice, which can only be achieved by collaboration with industry.
There are many forms of collaboration between academe and industry most of them requiring the physical presence of students at company workplaces. Unfortunately, this requirement is often difficult to meet and the effectiveness of the student at the work site is always questionable. This is why we propose a virtual collaboration with industry without the need for the physical presence of the student at the workplace. This type of collaboration introduces industry practice in the academic environment. To implement this type of collaboration, we bring two key elements of industry practice to the classroom. First, we simulate a realistic working environment in our teaching. Secondly, we use corporate technical documentation, especially the manufacturers' specifications sheets, as a teaching material.
The following two examples demonstrate our approach to virtual collaboration with industry in the laboratory and classroom in our fiber-optic communications course at the senior level in our undergraduate telecommunications-technology program.
Measuring attenuation of a multimode fiber (MMF) in the laboratory
Here we want to measure attenuation of an MMF. The main point is to investigate how the main performance characteristic of an optical fiber-attenuation-depends on the length of a fiber-optic communications link.
Attenuation is the first characteristic of any transmission medium that a telecommunications engineer will be looking at when choosing a link. In fact, optical fiber found application as a practical transmission medium only when its attenuation was reduced to the current number, about 0.2 dB/km. Thus, understanding attenuation is a critical point in studying the properties of an optical fiber. Attenuation in MMFs is particularly interesting because, in contrast to attenuation in singlemode fiber (SMF), this attenuation changes with a change of the fiber length, which is the only proof of the existence of modes in optical fiber.
The main feature of our laboratory exercises is that we try to conduct them the same way engineers carry their projects out in the workplace.
Each experiment is designed as a realistic working assignment, which means that only the goal to be achieved through the experiment and some preliminary information are all the information provided. The student is given no detailed step-by-step instructions. Using their knowledge of the topic obtained in the classroom and from the textbook [1] , the student has to devise by himself or herself the arrangement and the procedure of measurement and realize what data are to be gathered and how that data must be processed. The student has to build the setup of the experiment and the necessary circuitry and perform the measurements.
As an example of the implementation of this approach, let's consider the following laboratory exercise: The underlined text shows what the students receive as a part of their laboratory manual. This portion of the manual represents the students' assignment. Text in italics shows how the assignment should be carried out, which includes the reasoning and practical steps that have to be developed. Record the length of each fiber cable. Each student has to write an individual laboratory report. This paper is considered as a technical report that the student would have to submit to his or her potential supervisor after completing an assignment in the workplace. Writing this report requires the students to express their thoughts in a professional manner, with an emphasis on appropriate grammar and style.
The laboratory manual includes guidelines and report requirements. These requirements emphasize that the report must provide enough information to enable anyone to reproduce the reported measurements. A theoretical discussion must be included in the report and it must contain the qualitative predictions of the expected results of the measurements. Another important consideration is analysis of the results. For example, the student must compare the results obtained with the theoretical predictions and with the characteristics given in the manufacturer's data sheet. In our example, that is, Experiment 1, the values of attenuation computed from the measured losses must be compared with the attenuation given in manufacturer's data sheet attached to the laboratory manual. The analysis must include a discussion of any discrepancies among theory predictions, the manufacturer's data, and the results of the actual measurements.
What follows is the reasoning that we expect the students will express in the theoretical section of their laboratory report:
Attenuation In addition to the above reasoning, the students have to describe in their laboratory reports the industry approaches to these measurements. They have to find out, for instance, that there is a method of measuring attenuation defined in a fiber-optic test-procedure (FOTP) standard accepted by the Electronic Industry Alliance (EIA) and the Telecommunications Industry Association (TIA). They also have to analyze the difference between their measurements and those performed in accordance with this standard.
We take a similar approach we assign our students the task of explaining how attenuation in optical fiber depends on the wavelength of a light source. Here the students have to use the graph "Attenuation vs. wavelength" given in a manufacturer's data sheet. They have to analyze this graph ("the longer the wavelength, the smaller the attenuation") and explain that it is the absorption that determines the course of this graph.
Discussion of fiber-bandwidth theory
Here we want to investigate the bandwidth (transmission capacity) of an optical fiber. The objective is to develop a scientific understanding of this performance characteristic of the optical fiber given in the manufacturer's data sheet during a classroom discussion of fiber-bandwidth theory.
Bandwidth is the second basic characteristic of a transmission link. Optical fiber has become the dominant transmission medium simply because it has the largest bandwidth among all other existing media. This is the major advantage of an optical fiber over a microwave link, a coaxial cable or a copper wire. The theoretical limit of the bandwidth of optical fiber is about 50 Tbit/s; however, a close look reveals a number of obstacles that restrict this bandwidth to a much lower number. The study of bandwidth inevitably brings students to a discussion of dispersion.
Intermodal and chromatic dispersions are discussed based on the physical processes of light propagation within an optical fiber. This discussion is followed by a consideration of how these dispersions affect the bandwidth (bit rate) of an optical fiber.
The study of this topic is concluded by a review of a data sheet of an optical fiber. For our class discussion, the specifications sheet from Plasma Optical Fibre Company (given in the textbook 1 ) is used; as homework, students are assigned to review the latest data sheets from different manufacturers (Corning, Lucent Technologies, Pirelli, SpecTran, and others). The formats and examples of such specifications sheets are presented in the course textbook 1 . This is what we expect students to learn as a result of our consideration of the bandwidth theory of a multimode optical fiber given in a manufacturer's data sheet:
The manufacturer specifies bandwidth as a set of numbers at different wavelengths. 
where
Here d is the core diameter, NA is the numerical aperture, and λ is the operating wavelength [1] . This is the kind of discussion students have to present in their term papers; they also have to be ready to demonstrate such knowledge on examinations.
The above examples show how we arrange virtual collaboration with industry. Our experience shows that such an approach can be very successful when teaching fiber-optic communications at the senior level in the undergraduate telecommunications engineering technology program.
Summary
The main challenge in teaching a fiber-optic communications course-where the subject matter is the physical processes of components and systems-in engineering technology programs is the limited scientific background of the students. Also, it is important for engineering technology programs to simulate collaboration with industry so that students gain "real-world" experience even before they start their professional career.
To accomplish this, we propose adoption of a program we call virtual collaboration, in which the teaching process simulates the true-to-life working environment and the teaching material relies heavily on real technical documentation, such as specifications sheets and technical notes.
Such an approach would entail, for example, the use of the specifications sheets of a multimode optical fiber (MMF). Through discussion of MMF attenuation, an understanding of the mechanisms of losses within an MMF should convince the students that (a) attenuation should be independent of fiber length, although the existence of modes will result in decreasing attenuation with length; and (b) attenuation depends on the wavelength of the transmitted signal. To verify these facts, the students should be able to develop the test procedure and perform measurements in the laboratory.
Bandwidth (transmission capacity) is the second basic characteristic of a transmission link. Understanding the theory of dispersion allows students to comprehend why real MMF bandwidth is restricted to 200/400 MHz-km at 850/1300 nm, as given in a typical data sheet. By working out simple formulas involving the relationship of the number of modes to the operating wavelength and dependence of chromatic-dispersion parameter on the wavelength, students are able to discern why manufacturers specify bandwidth at each λ.
